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(54) Antenna device 

(57) In an antenna device (10) of the invention used 
for a wireless LAN, a first substrate (11) with a conduc- 
tive pattern formed thereon to function as a radiator (21 ) 
and a second substrate (12) with conductive patterns 
formed thereon to function as a wave director (22) and 
a reflector (23) are held respectively in an inner casing 
(15) and in an outer casing (16) of the antenna device 
(10) in a siidable manner. The antenna device (10) is 
attached to a top face of an access point (40) by means 
of a three-dimensional joint (50). The user loosens a 
screw (18) attached to the outer casing (16) and slides 
the inner casing (1 5) relative to the outer casing (1 6), so 



Fig.5(A) 
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as to change the positional relationship of the inner cas- 
ing (15) to the outer casing (16). The simple change of 
the positional relationship readily switches over the di- 
rectional characteristic of the antenna device (10) be- 
tween a first position where the wave director (22), the 
radiator (21), and the reflector (23) are arranged in par- 
allel across preset distances and the antenna device 
(1 0) functions as a Yagi-Uda antenna having high direc- 
tional characteristic with regard to 2.4 GHz radio fre- 
quency signals and a second position where neither the 
wave director (22) nor the reflector (23) practically works 
and the antenna device (10) functions as a non-direc- 
tional antenna. 



16 



-23 



22 



21- 



< 

00 

CO 



18 



It 



Q_ 
LU 



Printed by Jouve, 75001 PARIS (FR) 



(Cont. next page) 



EP 1 494 318 A1 



Fig.5(B) 
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Fig.5(C) 
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Description 

[0001] The present invention relates to an antenna 
device, and more specifically to an antenna device used 
for extremely high frequency (EHF) wireless LANs. 
[0002] Non-directional antenna devices have gener- 
ally been used for wireless LANs. The non-directional 
antenna device allows the users at any position in a pre- 
determined coverage area to access a wireless LAN. 
The antenna device is located on the center or at a spe- 
cific corner in the area of the predetermined coverage 
of the wireless LAN. The users in the predetermined 
coverage area can accordingly access the wireless LAN 
without giving special attention to the position of the an- 
tenna device. 

[0003] In the application of a wireless LAN between 
multiple different buildings, for example, two buildings, 
access points for the wireless LAN are respectively set 
in the two buildings. Directional antenna devices having 
high directional characteristic are located to face each 
other in the two different buildings and are linked to re- 
spective access points for the connection of the wireless 
LAN. This layout extends the coverage of the respective 
antenna devices, while restricting accesses from unau- 
thorized devices. 

[0004] The directional antenna device and the non- 
directional antenna device for the wireless LANs are 
completely different and separate systems, and either 
the directional antenna device or the non-directional an- 
tenna device is selected according to the applications. 
Some change of the settings at an access point may 
thus require replacement of the whole antenna device. 
[0005] The directional antenna and the non-direction- 
al antenna have substantially opposite directional char- 
acteristics and do not satisfy a demand for a certain level 
of directional characteristic, which is lower than the di- 
rectional characteristic of the directional antenna. Such 
requirements are often found when the access point is 
located at the corner of a room or a building. Use of a 
no n -directional antenna for this application may cause 
an insufficient coverage and allow illegal accesses from 
outside the room or the building. 
[0006] The object of the invention is thus to provide 
an antenna device that is capable of changing its direc- 
tional characteristic. 

[0007] In order to attain at least part of the above and 
the other related objects, the present invention is direct- 
ed to an antenna device used for an extremely high fre- 
quency wireless LAN. The antenna device has a wave 
director of a preset length, a reflector, and a radiator that 
are arranged to have a changeable positional relation- 
ship therebetween; and a switchover mechanism that 
moves at least one of the wave director, the reflector, 
and the radiator to switch over the positional relationship 
between a first position where the wave director, the re- 
flector, and the radiator are arranged in parallel with one 
another across preset intervals and have identical cent- 
ers and a second position that is different from the first 



position. The antenna device functions as a directional 
antenna at the first position, while functioning as a non- 
directional antenna at the second position. 
[0008] In the antenna device of the invention, the po- 
5 sitional relationship of the wave director, the reflector, 
and the radiator is changeable between the first position 
where the antenna device functions as the directional 
antenna and the second position where the antenna de- 
vice functions as the non-directional antenna. Namely 
10 one antenna device serves as both the directional an- 
tenna and the non-directional antenna. Adequate selec- 
tion of an intermediate position between the first position 
and the second position enables the antenna device to 
work as an antenna having a certain degree of direc- 
ts tional characteristic that is lower than the degree of di- 
rectional characteristic as the directional antenna. 
[0009] In one preferable structure of the antenna de- 
vice, the wave director and the reflector are located in 
parallel across a predetermined distance on a first mem- 
20 ber, while the radiator is located on a second member, 
which is different from the first member. The first mem- 
, ber and the second member are movable to attain the 
first position and the second position. In the antenna de- 
vice of this structure, the antenna device is readily 
25 switched over between the application as the non-direc- 
tional antenna and the application as the directional an- 
tenna by only the simple relative motion of the two mem- 
bers. 

[0010] It is preferable that the first member and the 

30 second member are movable between the first position 
and the second position by a sliding motion or a rota- 
tional motion. In another preferable structure of the an- 
tenna device, the wave director, the reflector, and the 
radiator are located respectively on a first member, a 

35 second member, and a third member. The first member, 
the second member, and the third member are movable 
between the first position and the second position by a 
sliding motion or a rotational motion. 
[0011] In one preferable embodiment of the antenna 

40 device, the wave director and the reflector are arranged 
in parallel with an axial direction of the radiator to attain 
the first position, while at least one of the wave director 
and the reflector is moved to a location crossing the axial 
direction of the radiator to attain the second position. In 

45 the antenna device, the functions of the wave director 
and the reflector located at the position crossing the ra- 
diator are restricted according to their angles with the 
radiator. The wave director and the reflector have prac- 
tically no functions when the wave director and the re- 

50 fleeter are located at right angles with the radiator. 

[001 2] The wave director may be constructed by only 
one conductor or may have multiple conductors ar- 
ranged in parallel. In the Yagi-Uda antenna for extreme- 
ly high frequency, the optimum pitch and the optimum 

55 layout of the conductors in the wave director are readily 
computable. 

[0013] In one preferable application of the antenna 
device of the invention, the switchover mechanism 
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moves at least one of the wave director, the reflector, 
and the radiator to attain a third position, which is an 
intermediate position between the first position and the 
second position. The antenna device has an intermedi- 
ate application between the application as the direction- 
al antenna and the application as the non-directional an- 
tenna at the third position. The third position is specified 
experimentally. 

[0014] The antenna device may be connected to an 
access point device for controlling the wireless LAN via 
a cable or may be attached directly to the access point 
device, for example, by means of a hardware element 
like a three-dimensional ly movable joint. Attachment of 
the antenna device to the access point device by means 
of the three-dimensionaliy movable joint desirably sets 
the user's desired coverage area of the antenna device. 
[0015] The antenna device is electrically connected 
with the access point device. A signal line may pass 
through inside of the joint to establish electrical connec- 
tion with the access point device. This structure does 
not expose the signal line and thus facilitates handling 
of the signal line. 

[0016] In another preferable embodiment, the anten- 
na device has a sucker that is tlxable to the housing of 
the access point device. Even when the whole length of 
the antenna device is varied between the first position 
and the second position, the antenna device is securely 
fastened to the housing of the access point device by 
means of the sucker. 

[0017] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiments, given by way of example 
only, with reference the accompanying drawings, in 
which: 

Fig. 1 is a perspective view schematically illustrat- 
ing the appearance of an antenna device in a first 
embodiment of the invention; 
Fig. 2 is a block diagram showing electrical connec- 
tion of the antenna device of the first embodiment 
with an access point; 

Fig. 3(A), 3(b), and 3(C) show the structure of a first 

substrate and a second substrate held inside the 

antenna device of the first embodiment; 

Fig. 4 shows an arrangement of conductive patterns 

when the antenna device of the first embodiment 

functions as a directional antenna; 

Fig. 5(A), 5(B), and 5(C) show the positional relation 

of an inner casing to an outer casing of the antenna 

device with a change in arrangement of conductive 

patterns; 

Fig. 6 shows the structure of a modified example of 
the first embodiment; 

Fig. 7 schematically illustrates the structure of an- 
other antenna device in a second embodiment of 
the invention; 

Fig. 8 shows an orientation of the antenna device 



of the second embodiment to lower its directional 
characteristic; 

Fig. 9 schematically illustrates the structure of still 
another antenna device in athird embodiment of the 
5 invention; and 

Fig. 10 shows the structure of a modified example ^ 
of the third embodiment. 

[001 8] Some modes of carrying out the invention are 
w discussed below as preferred embodiments. 

(1 ) Structure of Antenna Device 

[001 9] The exterior structure of an antenna device 1 0 

15 in a first embodiment of the invention is discussed below 
with reference to Fig. 1. Fig. 1 is a perspective view 
schematically illustrating the appearance of the antenna 
device 10 in the first embodiment. The antenna device 
10 is linked to a top face of an access point 40 via a 

20 three-dimensional joint 50. The access point 40 gives a 
permission to each client computer to access a wide- 
area network like the Internet by means of a wireless 
LAN. The three-dimensional joint 50 has an inner mem- 
ber 51 having a pole end and an outer member 52 sur- 

25 rounding the inner member 51 . The outer member 52 
holds the inner member 51 with a certain pressure, so 
that the inner member 51 is kept at a desired inclined 
angle. The inner member 51 is axially rotatable relative 
to the outer member 52. The position and the angle of 

so the antenna device 10, which is attached to the three- 
dimensional joint 50 at a preset angle, are thus practi- 
cally freely selectable, except the position and the angle 
interfering with the access point 40. The position and 
the angle of the antenna device 10 are of extreme im- 
35 portance especially for the application as a directional 
antenna having a high directional characteristic, as dis- 
cussed later. 

[0020] The antenna device 10 includes an inner cas- 
ing l5thatholdsaflrsl substrate 11 therein and an outer 
40 casing 1 6 that holds a second substrate 1 2 therein. The 
inner casing 15 is slidable in the directions of arrows A 
and B relative to the outer casing 16. The outer casing 
16 has a screw 1 8 on its side face to fix the inner casing 
15 at a selected position. The user loosens the screw 

45 1 8, moves the inner casing 1 5 back and forth to select 
an adequate position relative to the outer casing 1 6, and 
tightens the screw 18 to fix the inner casing 15 at the 
selected position. Markings MK are printed on one face 
of the inner casing 15 to show a functioning position as 

so a directional antenna, a functioning position as a non- 
directional antenna, and a middle position therebetween 
relative to the position of the outer casing 16. The posi- 
tional change of the substrates 11 and 12 held inside 
the respective casings 1 5 and 1 6 and the related vana- 

55 tion in directional characteristic according to the posi- 
tional relationship ofthe inner casing 15 to the outer cas- 
ing 16 will be discussed later in detail. 
[0021] The antenna device 1 0 is electrically connect- 
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ed to the access point 40 as shown in the block diagram 
of Fig. 2. The antenna device 10 is linked to a commu- 
nication radio frequency (RF) unit 41 included in the ac- 
cess point 40. A signal line from the communication RF 
unit 41 passes through the inside of the three-dimen- 
sional joint 50. The signal line may pass through an inner 
space of the three-dimensional joint 50, or signals may 
be transmitted via a slip ring structure provided in the 
three-dimensional joint 50. The signal line from the an- 
tenna device 10 may be connected to the communica- 
tion RF unit 41 in the access point 40 via a connector, 
instead of via the three-dimensional joint 50. 
[0022] The communication RF unit 41 is linked to a 
baseband unit 43, which is electrically connected with a 
wireless communication controller 45. Radio frequency 
(RF) signals of 2.4 GHz RF or EHF (extremely high fre- 
quency) are transmitted between the antenna device 10 
and the communication RF unit 41. Intermediate fre- 
quency (IF) signals are transmitted between the com- 
munication RF unit 41 and the baseband unit 43. Digital 
signals are transmitted between the baseband unit 43 
and the wireless communication controller 45. 
[0023] The communication RF 41 unit is constructed 
by a one-chip microcomputer including diverse mixers, 
amplifiers, and filters for transmitting and receiving func- 
tions. The communication RF unit 41 takes charge of 
conversion between RF signals and IF signals (hereaf- 
ter referred to as RF/IF conversion). The baseband unit 
43 is also constructed by a one-chip microcomputer in- 
cluding diverse mixers, amplifiers, and filters for trans- 
mitting and receiving functions. The baseband unit 43 
takes charge of conversion between IF signals and 
baseband signals and A/D conversion between base- 
band signals and digital signals. The wireless commu- 
nication controller 45 is called a media access controller 
(MAC) and is constructed by a one-chip microcomputer 
including a CPU, a ROM, a RAM, and various commu- 
nication interfaces. The wireless communication con- 
troller 45 takes charge of diverse controls relating to 
wireless LAN communication. 

[0024] The discussion now regards the internal struc- 
ture of the antenna device 10. As shown in Fig. 3, the 
two substrates 11 and 12 are essentially held in the an- 
tenna device 10. In the structure of this embodiment, 
both the substrates 11 and 12 are glass epoxy sub- 
strates, although other resin substrates may also be 
adopted. One of the two substrates, the first substrate 
1 1 shown in Fig. 3(A) has a T-shaped conductive pattern 
21 , which works as a radiator. The T-shaped conductive 
pattern 21 is made of copper foil and has one end DE 
linkedto the communication RF unit 41 for power supply. 
One arrangement of the antenna device 1 0 functions as 
an EHF antenna called a Yagi-Uda antenna. The con- 
ductive pattern 21 works as the radiator in the structure 
of the Yagi-Uda antenna. 

[0025] The other of the two substrates, the second 
substrate 12 shown in Fig. 3(B) has a concave portion 
25 in a center area. The second substrate 1 2 has two 



conductive patterns 22 and 23 made of copper foil. The 
dimensions of the conductive patterns 22 and 23 will be 
described later. The two conductive patterns 22 and 23 
are arranged in parallel either side of the concave por- 

5 tion 25 and have identical centers across the width. 
When the first substrate 1 1 and the second substrate 1 2 
are combined with each other as shown in Fig. 3(C), the 
conductive pattern 21 on the first substrate 11 and the 
conductive patterns 22 and 23 on the second substrate 

10 12 are arranged in parallel with identical centers across 
the width. In the state of Fig. 3(C), the conductive pattern 
22 and the conductive pattern 23 respectively work as 
a wave director and a reflector, while the conductive pat- 
tern 21 functions as the radiator. The conductive pat- 

15 terns 21, 22, and 23 accordingly function as the Yagi- 
Uda antenna as a whole. 

[0026] Fig. 4 shows the dimensions of the respective 
conductive patterns in the state of Fig. 3(C). The dimen- 
sions in Fig. 4 are design values having the highest gain 

20 (directional characteristic) at a frequency of 2.4 GHz 
generally used for wireless LANs. The observed overall 
gain (directional characteristic) in this state was 9 dBi. 
In the state of Fig. 5(A), the first substrate 11 and the 
second substrate 12 combined together giving the high 

25 directional characteristic are respectively received in the 
inner casing 15 and the outer casing 16 and are fixed 
by means of the screw 1 8. The first and the second sub- 
strates 1 1 and 1 2 are arranged to keep the positional 
relationship of Fig. 4 and thereby have the high direc- 

30 tional characteristic. 

[0027] In the state of Fig. 5(A), the user loosens the 
screw 18 to make the inner casing 15 freely movable 
and pulls the inner casing 1 5 in the direction of the arrow 
W. The first substrate 11 held in the inner casing 15 is 

35 naturally moved with the inner casing 15. The user re- 
fers to a marking MK printed on the outer surface of the 
inner casing 1 5 and tightens the screw 1 8 at the position 
of Fig. 5(B) to fasten the inner casing 15 to the outer 
casing 16. In the state of Fig. 5(B), the radiator formed 

4o as the conductive pattern 21 on the first substrate 1 1 
mostly overlaps the wave director formed as the con- 
ductive pattern 22 on the second substrate 12. The ob- 
served overall gain in this state was 6.5 dBi. 
[0028] In the state of Fig. 5(B), the user again loosens 

45 the screw 1 8 and further pulls the inner casing 1 5 in the 
direction of the arrow W. The user refers to another 
marking MK printed on the outer surface of the inner 
casing 15 and tightens the screw 18 at the position of 
Fig. 5(C) to fasten the inner casing 1 5 to the outer casing 

so 16. In the state of Fig. 5(C), the radiator formed as the 
conductive pattern 21 on the first substrate 11 is ahead 
of the wave director formed as the conductive pattern 
22 on the second substrate 12. The observed overall 
gain was approximately 2 dBi. In this state, neither the 

55 wave director nor the reflector practically works, and the 
antenna device 10 functions as a non-directional dipole 
antenna. 

[0029] As described above, the antenna device 1 0 of 
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the first embodiment works as an external antenna of 
the access point 40. The antenna device 1 0 of the em- 
bodiment is readily switched over between the applica- 
tion as the Yagi-Uda antenna having the high directional 
characteristic and the application as the non-directional 
dipoie antenna by simple movement of the inner casing 
15 relative to the outer casing 16. The antenna device 
10 may also work as an antenna having an intermediate 
directional characteristic at the middle position. The ac- 
cess point 40 is located substantially in the center of a 
working area (for example, a room), and the antenna 
device 1 0 is arranged substantially upright. The antenna 
device 10 functions as the non-directional antenna at 
the position of Fig. 5(C) where the inner casing 15 is 
pulled to the furthermost position. A client computer lo- 
cated in the working area can thus establish wireless 
LAN communication with the antenna device 10. In this 
working state, the antenna device 10 has substantially 
no directional characteristic. The client computer may 
thus be located at any arbitrary position in the working 
area to establish a good wireless communication with 
the antenna device 10. 

[0030] When a client computer or another access 
point is distant from the access point 40, the inner casing 
15 of the antenna device 10 is inserted into the outer 
casing 16 to the position of Fig. 5(A). The antenna de- 
vice 10 has the highest possible directional character- 
istic at this position. The antenna device 10 faces to a 
communication object for the adjustment of the angle of 
the antenna device 1 0. At this position, the antenna de- 
vice 10 works as a Yagi-Uda antenna having the high 
directional characteristic and can thus establish com- 
munication with the remote client computer or another 
remote access point. The user readily finds the direction 
of the high directional characteristic according to the ori- 
entation of the antenna device 10. An arrow or circular 
mark representing the coverage of the antenna device 
1 0 may preferably be printed on the surface of the outer 
casing 16 to help the user find the direction of the high 
directional characteristic. 

[0031] The inner casing 1 5 and the outer casing 1 6 of 
the antenna device 1 0 may be located at the position of 
Fig. 5(B). The antenna device 10 has the intermediate 
degree of directional characteristic in this state. The an- 
tenna device 1 0 at this position is especially effective for 
the application of a wireless LAN that establishes wire- 
less communication between the access point 40 locat- 
ed at the corner of a room and a client computer located 
in the room, while restricting the coverage to inside the 
room. 

[0032] From the user's standpoint, the above descrip- 
tion mainly describes the change of the directional char- 
acteristic of the antenna device 10 corresponding to a 
change in positional relationship of the inner casing 15 
to the outer casing 16. The positional relationship be- 
tween the inner casing 15 and the outer casing 16 is 
equivalent to the positional relationship between the first 
substrate 11 and the second substrate 12, and eventu- 



ally represents the positional relationship between the 
conductive pattern 21 as the radiator and the conductive 
patterns 22 and 23 as the wave director and the reflec- 
tor. The degree of directional characteristic correspond- 
5 ing to each positional relationship is readily computable 
according to the design theory of the antenna. The po- 
sitional relation to attain each desired level of directional 
characteristic is set based on the results of the compu- 
tation and is marked on the outside of the casing. In the 
w structure of the first embodiment, the first substrate 1 1 
is moved relative to the second substrate 1 2. The design 
may be modified to make the second substrate movable 
relative to the first substrate. The conductive patterns 
formed on the second substrate do not receive a power 
15 supply and accordingly do not require wiring for a power 
supply. This advantageously attains the arrangement of 
readily moving the second substrate relative to the first 
substrate. 

[0033] In the structure of the first embodiment, the an- 
20 tenna device 10 is attached to the access point 40 by 
means of the three-dimensional joint 50. The antenna 
device 1 0 may be fixed to an access point 40a by means 
of suckers 61 and 62 as shown in a modified structure 
of Fig. 6. The sucker 61 is located at one end of an inner 
25 casing 1 5a, while the sucker 62 is set on an outer casing 
1 6a. The suckers 61 and 62 attach to a top face of the 
housing of the access point 40a. This structu re does not 
require a screw for fixing the inner casing 1 5a to the out- 
er casing 16a. 

30 [0034] Figs. 7 and 8 show the positional relationship 
of the first, second, and third substrates 111, 112, and 
113 in an antenna device 100 in a second embodiment 
of the invention. As shown in Fig. 7, aconductive pattern 
1 21 functioning as a wave director, a conductive pattern 
35 1 22 functioning as a radiator, and a conductive pattern 
123 functioning as a reflector are respectively formed 
on the first substrate 1 1 1 , on the second substrate 1 1 2, 
and on the third substrate 113. For the simplicity of ex- 
planation, casings of the antenna device 100 and an ac- 
40 cess point are omitted from the illustration of Figs. 7 and 
8. 

[0035] As shown in Fig. 8, the first substrate 111 is 
connected to the second substrate 112 in a rotatable 
manner about an end center 1 31 , while the second sub- 
45 strate 112 is connected to the third substrate 113 in a 
rotatable manner about an end center 132. In the state 
of Fig. 7, the wave director, the radiator, and the reflector 
are arranged in parallel across preset intervals, and the 
antenna device 100 works as a Yagi-Uda antenna hav- 
so ing the high directional characteristic. When the first 
substrate 11 1 and the second substrate 112 are rotated 
at predetermined rotational angles about the end cent- 
ers 131 and 132 as shown in Fig. 8, the degree of direc- 
tional characteristic is lowered corresponding to the ro- 
55 tational angle. In the orientation where the first substrate 
1 1 1 and the third substrate 1 1 3 are respectively located 
at angles of 90 degrees with the second substrate 112, 
the conductive patterns 121 and 123 do not practically 
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serve as the wave director and the reflector, while the 
conductive pattern 122 serves as the radiator. In the 
state of Fig. 8, the directional characteristic thus practi- 
cally disappears, and the antenna device 1 00 works as 
a non-directional antenna. 

[0036] In the structure of Fig. 8, the second substrate 
1 1 2 and the first substrate 111 are rotated relative to the 
third substrate 113. It is, however, more desirable to at- 
tach a casing of the second substrate 1 1 2 to the top face 
of an access point and link the casing of the first sub- 
strate 111 and the casing of the third substrate 113 to 
the casing of the second substrate 112 in a rotatable 
manner. This arrangement ensures stationary connec- 
tion of a power line to the conductive pattern 122 func- 
tioning as the radiator and thus attains the simplest 
structure as a whole. A casing of another substrate may 
alternatively be attached to the access point according 
to the requirements. 

[0037] The structure of the second embodiment ro- 
tates the substrates to vary the degree of directional 
characteristic of the antenna device 100 in a significantly 
wide range and thus readily switches over its application 
between functioning as a directional antenna, function- 
ing as a non-directional antenna, and functioning as an 
antenna having an intermediate degree of directional 
characteristic, like the first embodiment In the structure 
of the second embodiment, one wave director, one ra- 
diator, and one reflector are separately mounted on the 
first through the third substrates 111 through 113. Two 
or more wave directors may be mounted on one sub- 
strate for an enhanced degree of directional character- 
istic. Two or more wave directors may alternatively be 
mounted on multiple different substrates and may be 
folded in four or five. 

[0038] Fig. 9 shows the structure of another antenna 
device 200 in a third embodiment of the invention. As 
illustrated, this antenna device 200 is integrally formed 
with a top face of an access point 240. The antenna de- 
vice 200 includes a specified shape of metal plate (cop- 
per plate in this embodiment) 212, which functions as a 
radiator in the Yagi-Uda antenna, two metal plates 211a 
and 211b are arranged on one side of the metal plate 
212 and in parallel with the metal plate 212. Another 
metal plate 213 is arranged on the opposite side of the 
metal plate 212 and in parallel with the metal plate 212. 
The metal plates 21 2, 21 1 a, 21 1 b, and 21 3 are all coated 
with a resin to prevent direct exposure of the metal sur- 
face. Among the four metal plates, the metal plates 211a 
and 213 arranged on both ends of the antenna device 
200 are bendable up to an upright position of 90 degrees 
about respective fixed ends as shown in Fig. 9. The 
structure of the embodiment does not adopt any addi- 
tional hinge joints but bends the resin-coated metal 
plates by taking advantage of their inherent flexibility. 
Adjustment of the directional characteristic of the anten- 
na is not required many times, but is generally per- 
formed only on the occasion of a change of the setting 
conditions. The inherent flexibility of the metal plates is 



thus sufficient for such adjustment, although additional 
hinge joints may be adopted. 

[0039] In the state that all the metal plates 21 1 a, 21 1 b, 
212, and 213 are parallel to the top face of the access 

5 point 240, the metal plates 211a and 211b work as wave 
directors and the metal plate 213 works as a reflector. 
The antenna device 200 as a whole functions as a Yagi- 
Uda antenna having the high directional characteristic 
with regard to 2.4 GHz radio frequency signals. In the 

10 state that only the metal plate 21 1 a is bended at 90 de- 
grees, the antenna device 200 has the intermediate de- 
gree of the directional characteristic. In the state that the 
metal plate 213 working as the reflector is additionally 
bended at 90 degrees, the antenna device 200 has prac- 

15 tically no directional characteristic and functions as a 
non-directional antenna. In the structure of the third em- 
bodiment, the other metal plate 211b working as the 
wave director is not bendable. One possible modifica- 
tion additionally makes this metal plate 211b bendable 

20 for the subtle adjustment of the directional characteris- 
tic. The metal plates may be kept at a bending angle of 
less than 90 degrees for adjustment of the directional 
characteristic. The metal plates may otherwise be de- 
signed to be rotatable in a plane parallel to the top face 

25 of the access point 240, instead of the bendable design. 
Such rotation disables the functions of the wave director 
and the reflector. Another possible modification fixes the 
metal plates arranged on both ends and designs the 
metal plate 212 working as the radiator to be bendable 

30 at 90 degrees. Under the bending position of the metal 
plate 212, the antenna device 200 functions as a non- 
directional antenna. 

[0040] As described above, the antenna device 200 
of the third embodiment is capable of readily changing 

35 its function between the Yagi-Uda antenna having the 
high directional characteristic and the non-directional 
antenna, like the first and the second embodiments. The 
degree of the directional characteristic is easily adjust- 
able by regulating the bending angles of the metal 

40 plates. Other advantages of the third embodiment in- 
clude the simple general structure and the low-cost 
manufacturing. In the structure of the third embodiment, 
the metal plates are coated with the resin and are sep- 
arately bendable by taking advantage of their flexibility. 

45 in one modified structure shown in Fig. 10, the metal 
plates 211a and 21 1 b working as the wave directors and 
the metal plate 213 working as the reflector are formed 
in one integral thin member 250. The thin member 250 
is fixed to the access point 240 by means of hinges 260 

so to be pivotally rotatable up to 90 degrees. This structure 
effectively prevents exposure of the metal plates. The 
specifications for adjustment and change of the direc- 
tional characteristic may be printed on the outside of the 
thin member 250. 

55 [0041] The embodiments discussed above are to be 
considered in all aspects as illustrative and not restric- 
tive. There may be many modifications, changes, and 
alterations without departing from the scope of the main 
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characteristics of the present invention (which is defined 
by the appended claims). For example, the antenna de- 
vice is directly linked to the access point in the above 
embodiments. The antenna device may be an external 
antenna externally attached to the access point. The 
number of the wave directors may be increased accord- 
ing to the requirements, while either one of the wave 
director and the reflector may be omitted when not nec- 
essary. 

[0042] All changes within the meaning and range of 
equivalency of the claims are intended to be embraced 
therein. The scope of the present invention is defined 
by the appended claims, rather than by the foregoing 
description. 



Claims 

1 . An antenna device (1 0) used for an extremely high 
frequency wireless LAN, said antenna device (10) 
comprising: 

a wave director (22) of a preset length, a reflec- 
tor (23), and a radiator (21) that are arranged 
to have a changeable positional relationship 
therebetween; and 

a switchover mechanism that moves at least 
one of the wave director (22), the reflector (23), 
and the radiator (21 ) to switch over the position- 
al relationship between a first position where 
the wave director (22), the reflector (23), and 
the radiator (21) are arranged in parallel with 
one another across preset intervals and have 
identical centers and a second position that is 
different from the first position, 
said antenna device (1 0) functioning as a direc- 
tional antenna at the first position, while func- 
tioning as a non-directional antenna at the sec- 
ond position. 

2. An antenna device (1 0) in accordance with claim 1 , 
wherein the wave director (22) and the reflector (23) 
are located in parallel across a predetermined dis- 
tance on a first member, 

the radiator (21 ) is located on a second mem- 
ber, which is different from the first member, and 

the first member and the second member are 
movable to attain the first position and the second 
position. 

3. An antenna device (1 0) in accordance with claim 2, 
wherein the first member and the second member 
are movable between the first position and the sec- 
ond position by at least one of a sliding motion and 
a rotational motion. 

4. An antenna device (10C) in accordance with claim 
1, wherein the wave director (121), the reflector 



(123), and the radiator (122) are located respective- 
ly on a first member, a second member, and a third 
member, and 

the first member, the second member, and the 
5 third member are movable between the first position 
and the second position by at least one of a sliding 
motion or a rotational motion. 

5. An antenna device (10C) in accordance with claim 
10 1 , wherein the wave director (121) and the reflector 

(123) are arranged in parallel with an axial direction 
of the radiator (122) to attain the first position, and 
at least one of the wave director (1 21 ) and the 
reflector (123) is moved to a location crossing the 
is axial directio n of the radiator ( 1 22) to attain the sec- 
ond position. 

6. An antenna device (1 0) in accordance with any one 
of claims 1 through 5, wherein the wave director has 

20 multiple conductors arranged in parallel. 

7. An antenna device in accordance withany one of 
claims 1 through 6, wherein said switchover mech- 
anism moves at least one of the wave director (22), 

25 the reflector (23), and the radiator (21) to attain a 
third position, which is an intermediate position be- 
tween the first position and the second position, 

said antenna device having an intermediate 
application between the application as the direc- 
tional antenna and the application as the non-direc- 
tional antenna at the third position. 

An antenna device (1 0) in accordance with any one 
of claims 1 through 7, said antenna device being 
attached to an access point device (40) for control- 
ling the wireless LAN by means of a three-dimen- 
sionally movable joint (50). 

9. An antenna device (1 0) in accordance with claim 8, 
40 wherein a signal line passes through inside of the 

joint to establish electrical connection with the ac- 
cess point device (40). 

10. An antenna device (1 0) in accordance with any one 
45 of claims 1 through 7, said antenna device (1 0) hav- 
ing a sucker (61 , 62) that is fixable to a housing of 
the access point device (40). 
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